neurosurgical focus
S
pinal fusion has been the cornerstone of surgical treatment for degenerative spinal disease during the last 3 decades. 30 Fusion surgery has been associated with several undesirable effects, such as pseudarthrosis, nonunion, instrumentation failure, and adjacent-segment degeneration (ASD). 18 Even if solid fusion occurs, persistent back pain sometimes haunts surgeons and patients. 30 The Dynesys system (Zimmer, Inc.), a semirigid pediclebased dynamic stabilization (PDS) system, was introduced in an attempt to overcome the drawbacks of fusion procedures.
11 Many in vitro and biomechanical studies have shown that this system can restrain the amount of flexibility through polyethylene-terephthalate cords and polycarbonate urethane spacers. 38 In theory, it allows for less loading on the adjacent discs and facet joints and preserves motion of the treated segment. 5 Nevertheless, the theoretical advantages of nonfusion PDS over lumbar fusion, such as the prevention of ASD, have not been clearly confirmed or defined. 21 Some clinical studies have found positive outcomes with improved Oswestry Disability Index (ODI) and visual analog scale (VAS) pain scores, as well as shorter recovery times, for patients with degenerative lumbar disease treated using the Dynesys system compared with those of patients who underwent fusion. 18, 25, 27, 33, 38, 39 Although the early outcomes have been promising, the long-term effects are still debated.
11 Moreover, many recently published studies have reported contradictory results indicating that Dynesys may not provide a significant advantage for outcomes (clinical measurements, motion preservation, and adjacent-disc protection). 4, 7, 10, 35, 38 Thus, we aimed to directly compare the radioglogical and clinical outcomes of patients who underwent PDS with the Dynesys system with those who underwent posterior lumbar interbody fusion (PLIF) for degenerative lumbar spinal disease by systemically reviewing all pertinent studies and meta-analyses.
methods search strategy and selection criteria
We performed a meta-analysis of clinical studies concerning the efficacy of Dynesys in accordance with Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. We searched PubMed, Embase, Web of Science, and the Cochrane Database from inception to June 19, 2015, using the terms "Dynesys" or "semi-rigid" or "dynamic" together with "fusion." In addition, the reference lists of reviews of Dynesys were screened for qualifying studies. To qualify for inclusion, a study had to have compared clinical and radiological outcomes directly and differed only in surgical methods. The surgical methods were PLIF and Dynesys system-based PDS. Studies of individuals who underwent procedures that used other instruments (e.g., N-Flex, GRAF, an interspinous device, and/or Isobar) were not eligible. Biomechanical or single-treatment-arm studies also were not eligible. In the case of overlapping study populations, we used the most recent publication. There were no language restrictions on study eligibility.
statistical Analysis
The primary efficacy end points were perioperative outcomes (surgery duration, estimated blood loss [EBL] , and length of hospital stay). The secondary efficacy end points were changes in ODI and back and leg pain VAS scores and in range of motion (ROM) at the treated and adjacent segments after more than 2 years of follow-up. For the pooled effects, weighted mean differences (WMDs) and 95% confidence intervals were calculated for continuous variables according to the consistency of measurement units. Random-effects or fixed-effects models were used depending on the heterogeneity of the studies included. To assess heterogeneity in the results of individual studies, we used the Cochran Q test and the Higgins I 2 statistic (I 2 > 50% was used as a threshold to indicate significant heterogeneity). We assessed publication bias by visual inspection of funnel plots and by calculation of the p values (1-sided) for Egger's intercept. All tests were 2-sided, and any p value less than 0.05 was deemed significant. All statistical tests were performed using R 3.2.0 software (The R Foundation for Statistical Computing) and Review Manager 5.3 (The Cochrane Collaboration).
results search results for relevant studies
An initial search using subject headings identified 107 studies in PubMed, 155 studies in Embase, 10 studies in Web of Science, and 2 studies in the Cochrane Central Register of Controlled Trials. Among these 274 studies, 97 duplicated articles were excluded. Among the 177 remaining studies, 39 papers were case reports, review articles, letters, technical notes, or patents; therefore, these papers were excluded after screening. Twelve experimental studies and 14 studies concerning the cervical spine were also excluded. The remaining 112 studies were subjected to a full-text review. The reasons for excluding the remaining articles were as follows: the intervention did not use the Dynesys system (n = 59); the intervention was for scoliosis (n = 7); there was no comparative study or the study was compared with other fusion techniques (not PLIF) (n = 18); or the scoring tools were incompatible with those identified in our study (n = 21). Finally, a total of 7 studies were included in the meta-analysis. The detailed selection process is shown in Fig. 1 . Table 1 shows general information regarding the 7 studies included in this analysis. The studies recruited 506 participants (250 patients in the Dynesys group, 256 patients in the PLIF group). Four studies were retrospective intervention-comparison studies, and 3 were prospective randomized studies. 39 The average age of the 506 patients was 50.3 years (Dynesys group 49.0 years; PLIF group 51.6 years), and the proportions that were male were 50.8% and 48.0%, respectively. The countries in which the studies were conducted included China (n = 4), the United Kingdom (n = 1), Turkey (n = 1), and Taiwan (n = 1). There were no significant differences in ODI or VAS scores or in ROM between the Dynesys and PLIF groups at the baseline state.
risk of bias of included studies
Although the United States is the biggest market for the Dynesys system, no eligible study from the United States was found. The Dynesys system is approved by the FDA only as a fusion device and not a motion-preservation device. Therefore, use of the Dynesys system as a PDS in the United States would be off-label, which may be a reason for there to be no publications from this country.
All the included studies were prospective or retrospective cohort studies of relatively high quality. The study by Yu et al. 39 was a prospective trial. This study was single blind, and 3 participants dropped out. The authors described outcomes using change percentages. We changed the values to mean differences and standard deviations by combining the effect-size estimates.
3, 22, 23 Haddad et al.
11 described "posterior conventional fusion" as a surgical method for the control group. Despite uncertainty about the surgical technique, the study was included to compare clinical outcomes at the final follow-up. The patients of 5 studies underwent single-level PLIF or PDS. 4, 13, 36, 37, 39 Two studies were concerned with surgery on 3 or fewer segments.
9,38 Among the 7 studies, Kaner et al. 13 included patients with Grade I or II spondylolisthesis, and the others included patients with only Grade I spondylolisthesis.
results of individual studies and synthesis of results
The Dynesys group experienced better perioperative outcomes than the PLIF group, as shown in Fig. 2 . The mean surgery time of the Dynesys group was 20.73 minutes (95% CI 8.76-32.70 minutes) shorter than that of the PLIF group (p < 0.01, I 2 = 92%). The mean EBL was 81.87 ml (95% CI 45.11-118.63 ml) less for the Dynesys group than for the PLIF group (p < 0.01, I 2 = 95%). The mean length of hospital stay of the Dynesys group was 1.32 days (95% CI 0.23-2.41 days) shorter than that of the PLIF group (p = 0.10, I 2 = 57%). Clinical and functional outcomes were assessed by ODI and back and leg pain VAS scores at baseline and after approximately 2 years of follow-up. There were no significant differences in the baseline ODI or VAS scores between the 2 groups. The ODI scores decreased to 37.81 and 37.69 in the Dynesys and PLIF groups, respectively. In the random-effects meta-analysis of 6 studies, no significant difference in the ODI scores was observed between the 2 surgical methods, as shown in Fig. 3 (WMD 0.12, 95% CI -3.48 to 3.72, p = 0.95, I 2 = 82%). Regarding the back and leg pain VAS scores, no statistically significant differences were noted in the improvement of back and leg pain based on surgical procedure, although there was a trend toward better outcomes in the PLIF group, as shown in Fig. 2 (back pain VAS score: WMD -0.15, 95% CI -0.56 to 0.26, p = 0.47, I 2 = 62%; leg pain VAS score: WMD -0.07, 95% CI -0.47 to 0.32, p = 0.71, I 2 = 59%). The mean ROM at the treated segment changed from 6.64° to 3.64° (45.2% reduction) in the Dynesys group and from 6.73° to 0.71° (89.4% reduction) in the PLIF group after approximately 2 years of follow-up. Although both groups showed substantially decreased ROM at the treated segment, the ROM of the PLIF group decreased significantly compared with that of the Dynesys group, as shown in Fig. 4 (WMD -3.43°, 95% CI -5.25 to -1.60, p < 0.0002, I 2 = 97%). A ROM increase at the adjacent segment indicates hypermobility and an increased risk of ASD. The ROM at the adjacent segment in the Dynesys and PLIF groups increased by 0.33° and 1.15°, respectively (WMD 1.13°, 95% CI -0.33 to 2.59, p = 0.13, I 2 = 89%). There were no significant differences between the 2 groups, as shown in Fig. 4 .
Complications were reported in 6 papers. 9,11, 13,37-39 Radiographically viewed screw loosening was observed in 6 (2.54%) patients in the Dynesys group and 5 (2.10%) patients in the PLIF group. One (0.42%) patient in the Dynesys group and 3 (1.26%) patients in the PLIF group experienced symptomatic screw loosening and underwent revision surgery. Revision surgery at the early postoperative state was needed in 3 (1.27%) patients in the Dynesys group and 4 (2.10%) patients in the PLIF group because of screw malposition or other hardware complications. Other complications, such as wound infection, dural tear, and failed-back surgery syndrome, were trivial.
publication bias
Funnel plots were constructed for changes in ODI and VAS scores, ROM, EBL, length of hospital stay, and surgery duration (shown in 
discussion
In this meta-analysis of 7 studies involving 506 middleaged patients (mean age 50.3 years), treatment with dynamic stabilization using the Dynesys system, compared with conventional PLIF, resulted in similar clinical outcomes in approximately 2 years of follow-up, and better perioperative outcomes were seen in patients with spinal disease in the Dynesys group. Regarding the protective effect against adjacent-segment hypermobility, the Dynesys group was not substantially superior to the PLIF group.
evaluation of possible Advantages of the dynesys system
The primary biomechanical goals of PDS devices are to preserve motion as much as possible while reducing spinal instability to achieve even load transmission. 30 Many in vitro and biomechanical studies have shown that the Dynesys system can restrain the amount of flexibility through polyethylene-terephthalate cords and spacers. 38 Jahng et al. 12 performed finite-element analysis and found that the ROM in patients treated with the Dynesys model declined by approximately 60% compared with those treated using an intact model. A number of cadaveric, in vivo, and clinical studies have provided conflicting results.
2,6,38,39 Our meta-analysis shows that the ROM at the treated segment decreased by 42.0% in the Dynesys group and by 88.0% in the PLIF group. The Dynesys group maintained partial segmental motion and also achieved clinical and functional outcomes comparable with those of the PLIF group. The chief advantage of dynamic stabilization may be its potential benefit in minimizing ASD. 28 However, previous investigators have insisted that it is unclear whether such devices lead to better outcomes than those of traditional fusion, and it is unclear if they truly lead to a decrease in ASD. 5 In regards to the protective effect against ASD, previous studies have had conflicting results.
39 Our metaanalysis shows that the Dynesys group had no competitive advantage. Of 4 studies, 2 found that Dynesys provided an advantage, and 2 found that PLIF provided an advantage. The reasons for these contradictory results are unclear. One reason might be the difference in the pretension of the polyethylene-terephthalate cord by surgeons.
1,24,32 The Dynesys implantation guide recommends that a 300-N preload be applied to the cords to distract the disc during the implantation procedure. 29 The use of a 300-N cord pretension causes a much higher stiffness at the implanted level than the intact lumbar spine. 20 Because the effects of spacer length and cord tension on segmental flexibility and rigidity are still debated in the literature, many surgeons adjust the pretension below 300 N depending on the patient's condition. 24, 32 Other advantages of the Dynesys system are that the procedure to implant it is less invasive than PLIF and it results in earlier recovery. The proponents of dynamic stabilization claim that, compared with conventional rigid spinal fusion, dynamic stabilization results in less morbidity by being less invasive.
11, 31 In short-term outcomes, our meta-analysis reveals that PDS provides a substantial advantage over PLIF in terms of recovery time. The Dynesys group showed a substantially reduced length of hospital stay, operative duration, and EBL. These results need to be interpreted with caution, because there are many confounding factors. Although the changes reached statistical significance, it is doubtful that a difference in blood loss of 80 ml or hospitalization of 1.3 days is clinically relevant. Because there is no report of the minimum clinically important difference for them, the significance of these differences is unclear. There could have been some bias in the length-of-stay and time-of-discharge data. Some studies reported mean hospitalizations of more than 2 weeks and approaching 3 weeks. These lengths of stay are not normal; therefore, it is unclear whether there is truly a difference in hospitalization. One possible reason is that lengths of hospital stay may be affected by the medical environment and cultural aspects of medical practice in .87 ml less EBL, and 1.32 fewer days of hospital stay than the PLIF group. These differences between the 2 groups were statistically significant. specific regions. However, almost all the studies indicated that Dynesys provided an advantage. Although we did not compare items, it is obvious that there were no complications with bone graft material or the process of intradiscal space preparation in the Dynesys group, because PDS with the Dynesys did not necessitate fusion.
evaluation of possible disadvantages of the dynesys system
One major argument against the PDS systems including Dynesys is the possibility of screw loosening. 27 Survival against fatigue failure is the biggest challenge for PDS devices because of the need for continued motion for an indefinite period. 30 Demands for durability and mechanical strength of the PDS implant are higher than those required for fusion. 16 Our meta-analysis shows that radiographically revealed and symptomatic screw loosening in the Dynesys group was observed at rates of 2.54% and 0.42%, respectively, which are not different than those of the PLIF group. Both the PDS and the PLIF groups had similar screw-loosening rates. The similarity of the screwloosening rates in the 2 groups could be explained by unintended fusion in the PDS group, but the ROM data did not bear that out. Previous single-treatment-arm studies of the Dynesys system also found radiographic evidence of screw loosening in 1.2%-19.8% of patients and 2.8%-4.7% of screws, and clinical deterioration resulting from the loosening of screws and necessitating revision surgery occurred in 0%-1.2% of patients. 16, 17, 26, 30, 31, 34 Therefore, the risk of screw loosening and revision surgery after PDS using Dynesys seems to be considerably low.
Another argument against the Dynesys system is its poor outcomes compared with those of fusion in patients with spondylolisthesis and concomitant spinal stenosis. Seven studies in this analysis included patients with spondylolisthesis (Grade I). Although the rates of spondylolisthesis were 49% and 100% in the reports by Kaner et al. 13 and Yu et al., 39 the Dynesys groups in these studies had similar clinical and radiological outcomes that were not inferior to those of the PLIF groups. Previous reports also found that Dynesys provides similar radiographic stability and clinical effects regardless of preoperative spondylolisthesis. 7 These previous studies usually dealt with Grade I spondylolisthesis and achieved results comparable to those that dealt with no spondylolisthesis. 7, 8, 19 However, some investigators included Grade II spondylolisthesis and found favorable outcomes. 14, 26 Additional large studies are needed to clarify this issue.
limitations
This study has some important limitations that must be considered when interpreting the results. Four of 7 studies were performed in China. The results have to be interpreted with caution because of uneven regional distribution. The number of treated segments varied from 1 to 3. Moreover, 1 article did not describe the number of segments.
11
Although studies of scoliosis surgery were excluded, this variance in the surgery can affect clinical outcomes. However, a previous study found that clinical improvements were not different between single and multilevel dynamic stabilization. 15 ROM changes at the adjacent segment can be affected by various treated segments. Two of 4 included reports that described ROM at the adjacent segment did not explain whether the adjacent segment included the cranial or caudal segment of the treated level. 36, 38 We asked the authors to clarify the meaning of "adjacent segment," and only 1 replied that it was a "compound value" of both the cranial and caudal segments. 38 Because we could not know the clear calculation method or the way in which the authors dealt with having no caudal adjacent segment in cases of L5-S1 surgery, the data were regarded as concerning the cranial adjacent segment. During Dynesys implantation, surgeons have to decide on the length of spacer and cord pretension, which are not required in PLIF surgery. Their values are debatable and can vary according to surgeon experiences and the patient's condition. We did not consider the differences between the surgical procedures in our meta-analysis. One study described results as change percentages (not means and standard deviations). 39 Based on the baseline data (described as means and standard deviations) and change percentages, we calculated mean differences and standard deviations, as described previously.
3, 22, 23 The calculated values were not exact but instead were estimates.
conclusions
Both PDS and PLIF provide similar clinical outcomes in relatively young patients (in their 5th to 6th decade of life) who undergo surgery for degenerative disc disease or spinal stenosis with or without spondylolisthesis. The Dynesys system reduces instability at the treated segment; the level of ASD prevention by Dynesys is unclear. Fusion   Fig. 4 . Forest plots of ROM changes at the treated and adjacent segments. At the treated segment, ROM decreased substantially in both groups. The PLIF group showed significant ROM reduction compared with that of the Dynesys group. At the adjacent segment, both groups showed slightly increased ROM. There were no significant differences between the 2 groups, although the Dynesys group experienced less hypermobility than the PLIF group.
still remains the method of choice for advanced degeneration and gross instability. However, degenerative spinal disease with or without Grade I spondylolisthesis, particularly in patients who require a quicker recovery after surgery, will likely constitute the main indication for PDS using the Dynesys system. 
